Abstract-Alternative for electrode fabrications were demonstrated. Interdigitated electrodes (IDE) on polyethylene terephthalate (PET) substrate using silver conductive ink were succesfully fabricated. Nano-particle based conductive inks (Jet-600 C) which have wide range viscosity control were used in this study. Inkjet Distributions and Analysis Systems (IJDAS) is inkjet printing technology that allows for deposition of versatile thin films, the design of which can be changed from time to time. Printing method was using dropped-on-demand inkjet depends on the nozzles arranged in a single line. It has been shown that the silver ink with viscosity between 7 to 10cps is suitable for IDE fabrications on PET.
INTRODUCTION
Industrial Revolution 4.0 (IR4.0) has triggered the needs of development of various type of sensors. These sensor needs to be versatile of various shapes and sizes, and on various substrates either rigid or flexible. One of the most common geometry for electrode use to build a sensor is interdigitated electrodes (IDE). Interdigitated electrodes have been widely used for development of various sensors such as gas sensors, humidity sensors, biosensors, and etc [1] [2] [3] [4] [5] . There are several methods that can be use for electrodes fabrication. Depending on the size, shape and substrate, it can be either thick film or thin film fabrication technique. Screen printing is one of the examples of thick film fabrication technique. For thin film IDE, it can be fabricated using photolithography techniques which also will enable the fabrication of microstructures. However, photolithography fabrication technique can be tedious which involving many process steps [6] [7] [8] . It will also require relatively high temperature which will limits the substrate that can be use for sensor fabrications. This work utilise contemporary techniques using Inkjet Distributions and Analysis Systems (IJDAS) to fabricate IDE on polyethylene terephthalate (PET). IJDAS printing is a type of computer guided printing that recreates a digital image by propelling droplets of ink onto various substrates including paper, plastic, and others [1] . This method is hopefully will overcome the limitations from previously other techniques.
There are two types of inkjet printing technology uses in contemporary inkjet printers: continuous (CIJ) and Drop-ondemand (DOD). Commercially the continuous inkjet (CIJ) method is used for marking and coding of products and packages [9] . In the thermal inkjet process, the print cartridges consist of a series of tiny chambers, each containing a heater, all of which are constructed by photolithography. Piezoelectric DOD inkjet allows a wider variety of inks than thermal inkjet as there is no requirement for a volatile component, and no issue with buildup of ink residue, but the print heads are more expensive to manufacture due to the use of piezoelectric material. A DOD process only uses software that directs the heads to apply between zero and eight droplets of ink per dot, only where needed. Inkjet printing is a material-conserving deposition technique used for fluid phase material. Basically the process involves the ejection of a fixed quantity of ink in a chamber, from a nozzle through a sudden, reduction of the chamber volume via piezoelectric action. It has been reported that Tseng [10] used inkjet printing to first print Pd colloids, followed by electro less plating of Ni on polyethylene terephthalate (PET) substrate.
Inkjet printings is a known method for a low-cost manufacturing and shorter product development time. It is a suitable alternative for simple method for electrode fabrications. The objective of this study is to develop a fast and simple mthods for IDE fabrications on PET by using the silver inks as conductive medium. Inkjet printing depends critically on the behavior of ejected printed drops after the jetting action. These falling drops will affect by several factors which is including jetting conditions and properties of the ambient. Tsai et al. studied the effect of pulse voltage on droplet breakup time from the nozzle, droplet morphology, drop velocity and droplet size of silver nanoparticles dispersed in DI water, using pure water as control. They found that: (i) more viscous ink had a higher onset bias and created a longer liquid column and small droplets; (ii) also applying intermediate bias to both inks, two droplets were generated after jetting but they recombined before hitting the surfaces.
Previous works by Busato has utilised inkjet printing technology to fabricate copper circuit on flexible polyimide substrates for electronics applications [12] . MA Brook et al used inkjet printing to coat electrically conductive polypyrrol film to measure ethanol and methanol concentrations.
The viscosity of silver ink used in this study can be adjusted to 200cps to fit the process of flexography printing. Jet-600C inkjet silver conductive ink can be applied to many fields such as RFID, PCB/FPCB, OLED/LCD/PDP, EMI electromagnetic shielding and single/poly crystalline silicon solar cell, etc. Inkjet printing can also print various fluids including the gold ink, glucose, graphene ink and etc. IJDAS permits the flexibility of substrate to be used for electrode fabrications. Among others the substrates would includes PET, glass, silicon, paper and many more. In this study fabrication of silver interdigitated electrodes on PET will be demonstrated. Figure 1 shows a schematic diagram of interdigitated electrodes. The geometry is designed using computer aided program (AutoCAD). Figure 2 shows IDE of 20 column with 2mm thickness and 2mm spacing between the column. The conductive ink was prepared by dripped 25mL of 10wt% silver ink (Jet-600C Inkjet Silver Conductive Ink, KS Hisense Co. LTD) (viscosity 7-10 centipoise) into the print head nozzles of inkjet printing. It is stated in the data sheets that the silver is a nano particles of 2-5µΩcm of resistivity. IJDAS need to be prepared with optimum setting to achived the best printing results. The nozzles need to be free from any impurities that can block the nozzle. There are 16 nozzles with 245µm of spacing between each nozzles. The nozzles were stated in a single row. The selection box will enable the selection of working nozzles (jet nozzles). This is as shown in Figure 3 .
II. MATERIALS AND METHODS

Figure 1 Schematic diagram of interdigitated electrodes
Ethanol is used as cleaning agent. The dropped of silver ink directly can be view on drop catcher view screen. The thickness of the interdigitated electrodes was controlled by changing the number of printed layers. In this work two layers were selected to printing these electrodes. The material between the layers usually come from any additives in the ink other than the solvent that used (surfactants and viscosity modifiers) There are two different watching modes supply in this inkjet printing control PC. One is Static watching mode, and the other one is flying mode. After the selected nozzle was chosen, the silver heat nozzle for printing this electrode is setting to 32 -35ºC . The ink temperature was measure at room temperature at 25ºC. Print head pressure of the inkjet printing is about -1.7kpa. These setting will be varies depending on the viscosity of the fluid ink uses. The 10cm × 8cm Polyethylene terephthalate (PET) was used as the substrate. The printed silver electrodes on PET is then secured for 15 -20 minutes 25 o C in a conventional oven. It has been anticipated that the quality of the printed IDE would be dependant on parameters of either the ink, substrate, printer or external parameters such as ambient temperature, etc. Ink factor would be the viscosity of the fluid and the colloidal particles of the ink. The substrate hydrophobicity might also have effected the printing. The setting of the printer including the printer nozzles, stage temperature, pressure exerted, filters is also speculated to affect the printing. As for IDE as shown in Figure 4 , it is speculated that the possible causes is due to impurities or colloidal particles stuck at printer nozzles and causes the uneven surface. It has also been realised that the dotted pattern is cause by the high air pressure setting exerted during the printing process.
Continuity test using digital multimeter (Precision Gold PG017) indicates that the IDE is conductive. Future work will investigate all the possible parameters and will set up the optimum environment for the microfabrications using IJDAS printing technique.
IV. CONCLUSION
This work has shown that the microstructure electrode fabrications is possible using IJDAS printing technique. Although it still not perfectly printed, there are parameters that need to look at. It ranges from ink viscosity, ambient temperatures, substrate surfaces, colloidal particle sizes, and many more. If the optimum setting can be achieved this technique will definitely appear as the best technique for sensor fabrications with added advantage of optimising material usage, low cost, flexibility of substrate and scalability to large area manufacturing.
